Introduction
In order to meet end-use properties, fabric has to be formed into three-dimensional (3D) shape, which is why it is necessary to join single cutting patterns. Joining the fabric to form clothing or other item is usually made with sewn seams. In its characteristics, sewn seams usually meet the usability requirements of the textile item; the seam strength of the fabric is often lower in relation to seamless places. Durability of a textile item, especially which tolerates certain loads at the seams in use, usually depends on the strength and quality of the sewn seam, as well as on the properties of woven fabrics. Therefore, the seam is mostly the weakest part because it is located at the joint places where the load is greatest and most prominent [1] [2] [3] [4] . Seam strength can be increased with thread fineness and stitch length. As sewing thread fineness depends on material fineness, needle size, and stitch length, it is not always possible to obtain a satisfactory seam to match in strength, quality, and appearance. Thread slippage in the sewing seam caused by stress depends not only on the thread and seam parameters but also on the structural fabric parameters and on the seam position on the garment or another textile item. This means that thread fineness, needle size, and stitch length depend on fabric weave, density, thickness, weight, and composition of the raw material [5] [6] [7] [8] [9] . By loading the textile material in use, it comes to elongation, especially in seam locations. Besides slippage, as a consequence of seam load, it is weakened and broken, especially in case of longer and greater loads and material weight. Therefore, quality and durability of a textile item is mostly limited with durability and quality of making a seam [10-14].
The real problem in the application
Clothing item in which the above-mentioned problem is the most common is jacket (suit). The specific body posture in sitting position, in which a man spends an increasing amount of time, leads to the appearance of tensions in textile material (jacket), which causes horizontal stress of material, thus, by sewn seam joined parts. These stresses affect mostly the middle vertical seam that joins two cutting parts of the back ( Figure 1 ) and also arise on the seams of the back side and at the back part of the sleeve. Such body posture causes continuous long-term stresses, which affects the strength of the sewn seam as well as the quality and appearance of the garment.
An example of male jacket (suit) model given in Figure 2 shows the entire cutting pattern, indicating the areas of the cutting parts, which are joined with the seams and exposed to the highest stresses.
During cutting process, cutting parts are laid in the fabric warp direction, that is, joint places of cutting parts are directed specifically to the warp direction. The abovementioned stresses are, therefore, present in the fabric weft direction, which is taken into consideration in preparation of samples to implement the testing for the purpose of solving this issue.
In order to determine the quality of clothing item, specifically jacket (suit), all parameters that have an effect on it were taken into consideration (properties of woven fabric, sewing thread, stitch length, fabric breaking properties, preload on breaking properties of the seam) and relevant tests were conducted.
Owing to the complexity of such research, there are a number of questions to be answered, such as is there a difference in the obtained results between standard and modified testing method of sewn seam strength; is there an influence of continuous mechanical load on the mechanical properties of seams and fabrics; what is the tendency of the breaking properties of the fabric on the seam because of the continuous mechanical load; and does the raw material composition affect the results of the continuous mechanical load of fabric? Therefore, in this paper, the mentioned issues are explored with a new investigation approach of seam strength and fabric behavior on joined place, with the simulation of the realistic wearing conditions achieved by continuous mechanical load over a period of 3 h.
Experimental
This investigation was conducted on woven fabric made of wool/ polyester (PES) in twill weave. Tensile force and elongation at break of seamless fabric samples in the warp and weft directions according to the standard HRN EN ISO 13934-1:2008 were tested. Likewise, seamed fabric samples were prepared by sewing in the warp direction, according to the standard HRN EN ISO 13935-1:2008. Fabric samples were sewn together with 100% PES thread, finesses 30 tex, with stitch density of 5 stitches/cm, using 1.01.01/301 type of the sewn seam, according to the standard ISO 4916, with needle thickness of 0.9 mm. Stitch length and sewing thread fineness were chosen according to common practical values for the tested fabric samples. Breaking properties on sewn samples were tested in weft direction (horizontal direction) without and with additional preload. Additional preload was defined with 30%, 50% and 70% of the average elongation at break of the sample tested without additional preload. After loading to a specific percentage of elongation, the samples were held in that position for a period of 3 h and, afterwards, loaded up to the break.
Results and discussion
Answers to the numerous questions and concerns that this research deals with, which represents the aim of this paper, are given in the following text.
Basic structure and mechanical parameters of tested woven fabrics are conducted and shown in Table 1 . The breaking force of fabric tested in the warp direction is 1.386 N, and that in the weft direction is 1.072 N. Elongation at break followed the course of breaking forces and amounts 52.40% and 48.40% in the warp and weft directions, respectively. The reason for such large fabric elongation can be found in raw material content, more accurately wool, which contributes with its parameters to such a large elongation of fabric.
Seam appearance, strength, and durability are among the most important factors of garment quality. The load acting on the garment in use has the effect of deformations being the most prominent in the weakest and folding places where there is often a sewn seam (Figure 3 ).
Construction parameters of the fabric also affect the deformation of the garment as well as the properties of the sewn seam. Greater fabric density with a higher resistance to the interlacing points and contacts among threads produce a more durable fabric less sensitive to deformations.
It is well known that the joint parts are the weakest places in the material, as demonstrated also in this case. By joining cutting 
http://www.autexrj.com/ parts with sewn seam, breaking properties of the material is greatly reduced. As shown in Figure 4 and Table 1 , breaking force is reduced to even 71.08% (from 1.072 N of sample without seam to 310 N of sample with seam) and elongation at break is reduced to 70.37% (from 48.40% of sample without seam to 14.34% of sample with seam).
As already mentioned, additional preload was defined by a certain percentage of the average elongation at break of the sample tested without additional preload, and the specific values are given in Table 2 .
Applying a preloading, in which the tested samples were remained for 3 h, greatly changes the fabric properties. As a result of the preload application, it would be expected that the fabric experience further degradation and that breaking properties further reduce, but, however, exactly the opposite thing occurred. Breaking properties are increased even more with every preload (Figure 4 ).
With additional preload of 30%, increase of breaking force of 3.77% and elongation at break of 2.30% was noted, in relation to the sample tested without preload. With additional preload of 50%, in relation to the sample tested without preload, increase of breaking force of 4.19% and elongation at break of 3.84% was recorded; and with additional preload of 70%, in relation to the sample tested without preload, increase of breaking force of 8.47% and elongation at break of 9.83% was recorded. Such deformation are caused by the properties of the raw material (characteristics of wool), where because of the fabric elongation, no destruction on the fabric level occurs, but changes on the yarn level, that with its specific properties provides fibers restructuring within the yarn, resulting in an additional elongation and yarn convergence, which is reflected in folding of the material (Figure 3 ).
Conclusions
As seams are mostly in folds and locations with the highest deformations, quality significance, durability, and appearance of seams are of paramount importance for each garment. This type of clothing (suit) should be made of high-quality fabrics to fit well on the garment, to match in size and pattern, to drape well, and not to crease. Fabrics with these characteristics are often made of wool and PES and belong to medium weight fabrics. Such clothing under the condition in use is often subjected to great stresses, which are mostly present in the area of joint places, where longer and larger loading causes deformations, especially in those weakest areas of sewn seam.
To minimize the deformations of the fabric in the seams and to keep the seam strong and durable as long as possible, it is necessary to select an appropriate sewing thread, stitch length, and also other parameters such as needle characteristics, thread tension, and stitch type. Furthermore, structural fabric parameters affect the behavior of material such as its density, The reason for such an increase can be found in woolen fibers, that is, their properties (which are characterized by extremely high elongation of 25-50%) and their behavior within the yarn, where under load occurs strong friction caused by the scaly fiber surface, which prevents the fibers slippage, allowing fibers to be restructured within the yarn, thus retaining and increasing its elongation properties.
It is interesting to analyze the distribution of force to break on samples tested with applying preload (Figure 5 ). For the applied preload of 30% of ɛ, the force of 42.33 N was used, or 13.16% of the total force to break, which means that after remaining in the preload position for 3 h, additional force of 279.34 N was required in order to achieve break occurrence. To achieve the preload of 50% of ɛ, the force of 143.00 N was required, that is, 44.27% of total force needed for breakage. For preload of 70% of ɛ, even 72.86% of total force was used, which means that the force of only 91.25 N was needed for fabric breakage occurrence.
The overall increase in elongation at break at samples with applied preload compared to samples without preload was established earlier. Therefore, the real value of elongation at the moment of achieving needed preload (30%, 50% and 70% of elongation at break of sample without preloading) and 3 h inaction, considering the total values of elongation at break of individual test samples, is as follows: 29.31% for sample with applied preload of 30%, 48.15% for sample with applied preload of 50%, and 63.49% for sample with applied preload of 70% (Figure 6 ).
It is important to note once again that these values of conducted tests are the result of properties of woolen fibers, which have the strong ability to elastically recover deformation after loading (e.g., after fiber stretching for 2% deformation return is almost complete (95-99%); at elongation of 5%, elastic deformation is 60-70%, and after 10% elongation, elastic recovery is 40-50%)
[15], which is also transmitted to the properties of the fabric.
Although the application of additional preload of samples (30%, 50% and 70% of the average elongation at break) for a period of 3 h does not cause reduction of fabric breaking properties, a different kind of material deformation occurs precisely at the joint places, which affects the appearance and quality of the final product. [5] Gribaa, S., Amar, S.B., Dogui, A., (2006 weft and warp fineness, weave type, fabric mass per unit area, and, what in this case had the greatest influence, raw material composition. These structural parameters, beside thread and seam parameters, also have an impact on thread slippage in the sewing seam caused by stress during wearing the garment, while during longer and greater loads, it can lead to its weakening or breakage. Therefore, quality and durability of the clothing item is mostly limited with properties, that is, durability and quality of woven fabric and seam.
